Acetyl-CoA Synthetase (AceCS), which catalyzes the activation of acetate to produce acetyl-CoA, was found to have a much greater Km value for acetate in liver mito chondria than that in the heart mitochondria of rats, indicating that two different types of AceCS are located in the liver and heart mitochodria. Recently, Fujino et al. reported that mouse heart mitochondrial AceCS, designated AceCS2, was expressed in a wide range of tis sues, however, it was apparently absent from the liver. In this study, liver mitochondrial AceCS activity, but not heart AceCS2, was greatly induced in di(2-ethylhexyl) phthalate (DEHP)-treated rats. We purified and characterized the rat liver mitochondrial AceCS. The molecular mass of the enzyme estimated by SDS-PAGE was -58 kDa, which was quite differ ent from that of the heart mitochondrial enzyme, AceCS2. The calculated Km value for the acetate of the partially purified liver enzyme was much greater, being about 100 times that of heart enzyme, AceCS2.
Acetate is usually found at high concentrations in mammalian blood plasma, especially in human plasma after the intake of ethanol and in rats after the adminis tration of alcohol, and is utilized via acetyl-CoA as a practical physiological fuel in the body (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . In ruminants, the concentration of acetate is particularly high because it is produced by bacterial fermentation in the gut (12) (13) (14) . Acetyl-CoA synthetase (AceCS, EC 6.2.1.1) catalyzes the activation of acetate, ligation of acetate with CoA to produce acetyl-CoA, an essential metabolic intermediate being utilized in various meta bolic pathways including TCA cycle, fatty acid synthesis and cholesterol synthesis (see Ref. 15) . Furthermore, AceCS may play a key role in the recycling of acetate released by acetylcholin esterase (16, 17) . Recently, Fujino et al. cloned bovine and murine cDNAs encoding heart mitochondrial AceCS (i.e., AceCS2) and murine cDNA encoding cytosolic-type enzyme AceCS 1 (18) , and found that AceCS2 played a role in the formation of acetyl-CoA to be utilized mainly for oxidation under ke togenic conditions. They also examined the tissue ex pression of AceCS1 and AceCS2 transcripts, showing that both AceCSs are expressed in a wide range of tis sues, but that AceCS2 was apparently absent from the liver (18) . In our previous study, the heart mitochon dria of rats actively oxidized acetate as well as ketone bodies, especially in starved rats, while the respiratory activity of liver mitochondria with acetate was sluggish regardless of the dietary conditions (19) . This observa tion is in good agreement with the results reported by Gel electrophoresis. Proteins were separated by SDS PAGE on 12% polyacrylamide gels (26) and visualized by staining with silver staining. A low-molecular mass kit from Amersham Pharmacia Biotech was used for the molecular mass standards: rabbit muscle phospho rylase b (94 kDa), bovine serum albumin (67 kDa), egg white albumin (43 kDa), bovine carbonic anhydrase (30 kDa) and soybean trypsin inhibitor (20.1 kDa).
RESULTS
The first step of the intracellular metabolism of ac etate is its conjugation with CoA, which is catalyzed by AceCS. The kinetic parameters of AceCSs in liver and heart mitochondria were examined. As Table 1 shows, neither specific activities nor Km for the CoA of the AceCSs in the mitochondrial fraction from the two or gans differed greatly, but the Km for acetate of the liver enzyme was much higher (about two orders of magni tude) than that of the heart enzyme.
AceCS activity was measured in other peripheral tis sues. Table 2 shows the kinetic parameters of acetate in the homogenates of heart, kidney, abdominal muscle and testis. AceCS activity was present in all four tissues examined. Even if the specific activities were different depending on the tissues, the apparent Km values were similar to that of heart mitochondrial AceCS rather than that of liver mitochondria.
The AceCS activity in liver mitochondria was stimu lated to approximately five-fold after the administration of DEHP for 2 wk (Fig. 1) , while that in heart mitochon dria was not changed. The average body weight gain, liver weight, and the amount of diet intake of DEHP treated rats were 90g, 17g and 450g, respectively.
In order to characterize liver mitochondrial AceCS , we attempted to purify the enzyme (Table 3) . Liver mitochondria were solubilized using 5 mM CHAPS , and the soluble fraction with AceCS activity was applied to DEAE-Sepharose, Phenyl-Sepharose, and Blue-Sepharose columns as indicated in the table. This Fig. 1 . Increase of acetyl-CoA synthetase activity in the liver mitochondria of DEHP-treated rats. DEHP-, DEHP-untreated control rats; DEHP+, DEHP-treated rats (n=3). DEHP-treated rats received a diet contain ing 2% DEHP for 2 wk. Preparations of liver and heart mitochondrial fractions and assays of acetyl-CoA syn thetase activity were carried out as described in Materials and Methods. 
DISCUSSION
In our previous study, it was found that acetate is produced from fatty acids in liver mitochondria and that it is barely utilized in ketogenesis, suggesting that acetate might be provided to extrahepatic tissues as fuel (19) . Previously, in guinea pigs, AceCSs distributed liver and heart showed different Km values for acetate and the value for liver enzyme was much higher (20) . In this study, we confirmed that rat liver mitochondrial AceCS had a much higher apparent Km value for ac etate, by a factor of 100, compared to that of heart mi tochondrial enzyme. The higher value of Km for acetate of the liver enzyme may provide a good explanation of our previous findings, which showed the low metabolic rate of acetate in perfusion liver as well as in the respira tion of liver mitochondria (19) . Free acetate, formed through ketogenesis in the liver, was unable to be reuti lized in that organ and released into the blood; suggest ing that the free acetate in blood plasma might be uti lized by extrahepatic tissues such as the heart as fuel (19) . Fujino et al. identified AceCS2 in bovine and murine heart mitochondria (18). They also showed that the major function of AceCS2 was to produce acetyl-CoA for oxidation through the TCA cycle in the mitochondrial matrix, and that the transcript was expressed in a wide range of tissues except for the liver (18) . These findings indicate that an iso-form of AceCS2, which has a much higher acetate Km value and a substantially different molecular mass from that of AceCS2, exists in liver mitochondria. The liver mito chondrial enzyme may have a different physiological role than that of AceCS2. 
